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A PREUMINAEY COEEELATION OF THE BEHAVIOR OF 
WATER RUDDERS ON SEAPLANES AND FLIING BOATS 


By F. W. S. Locke, Jr, 


SUMMARY 


This report presents a rough correlation of the dimensions of 
■water rudders of ■various actual seaplanes and flying "boats as related 
to their "beha-vior. The correlation should "be useful for determining 
the size of a ■water rudder ■which will gi've adeq^uate control for 
nmneuvering at low speeds , 


nrrEODUCTioN 


Practically all single-engine seaplanes and flying "boats depend 
on a water rudder for maneuTering at very low speeds on the water. 

It has usually "been considered that adequate directional control 
could he o"btained hy using asymmetrical power and by ""blipping the 
engines of multiengine flying boats. In recent years the Inboard 
propellers of four-engine flying boats have been capable of reversing 
pitch. (See reference 1.) This has provided the pilot with positive 
control over the speed when maneuvering in close qlihrters and is 
generally very well liked. However, it is still necessary to apply 
asymmetrical power to make a turn. 

Despite the ability to use asymmetrical power, a suip)ri singly 
large member of accidents have resulted in the past few years from 
running into breakwaters, ramps, buoys, moored aircraft, and so forth, 
when ’taxying at low speeds. Reference 2 indicates that about 10 percent 
of all on-the-^water accidents to flying boats without ability to reverse 
pitch of their propellers may be attributed to lack of a ■water rudder. 
British experience indicates an even higher percen-tage . It is noteworthy 
tha,t only a very few records of maneuvering accidents could be found 
which happened to flying boats which had fast positive control over 
their speed while taxying. Apparently, what happens frequently in acci- 
dents to flying boats -without reversible propellers is that at a crucial 
moment additional power is applied to make the aircraft turn. The turn 
is s'tarted but the aircraft speeds up despite the sea anchors and smashes 
into whatever obEftacle the pilot was trying to avoid. 


2 . 


MCA TN Wo. 1387 


Sea ancJaore ajre q_uite gOnerally used. Tor aaneu^ring wh.en 
reversible pitch propellers are not available. The chief disad- 
vantage of sea anchors appears to he that the pilot has to“relay 
his commands with a subsequent lag before action can be taken. 

Because it even takes a certain amount of time to reverse pitch, 
maneuvering with the aid of the propellers may he slightly awkward 
with twin-engine flying boats, though maneuvering accidents should 
be a thing of the past. Since the air rudder is very ineffective 
for low-speed operation, when it is not possible bo reverse pitch 
and use asymmetrical power, the simplest and most positive means of 
providing directional control appears to b’e a water rudder. 

The purpose of this report is to record readily available infor- 
mation on water rudders and to present a rough correlation of the 
behavior of water rudders as affected by their size and location. 

The courtesy of Lt. S. J. Miller, ECNE, in supplying the British 
data analyzed in this report is greatly appreciated. 


NOTATION AND. DATA 


The following notation is used throughout this report: 

Aq initial design-gross- weight, pounds. 

Sj. projected water-rudder area {B.rea of both water rudders in case 
of twin-float- seaplanes having two watei’ rudders) , feet^ 

I water-rudder arm, measured from center of gravity of alrcraft- 

to water-rudder hinge line along a line parallel ttr tangent 
to forebody keel at main step, feet 

The dimensions were taken from manufacturers* drawings. It-ls 
believed that. the areas are accurate within 5 percent aSd the lengths 
about 3 percent. The data on performance have generally, been taken 
from fli^t-test reports of the TJ. S. Navy and the British Marine 
Aircraft Experimental Establishment. These reports usually merely 
state whether the .water rudder was or was not satisfactory. In the 
case .of .the U. S. Navy reports, this means that the water rudder was 
of sufficient size to provide adequate control of the. airplane while 
baxying on the water. .On the other hand, the British have, in mary 
cases, actually measured the. diameter, of the' turning fciroles and the 
time jjequired to make . a 380° turn. 

In one of -the cases, accident reports Indicated that a ffiSKr'powe^ful 
water rudder would have aided.. in avoiding trouble. In this case, the 
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particular water rudder was lateled "Marginal" ©Ten. ttiougt the fli^t- 
test report said satisfactory. 

The available infonnatlon on water rudders has been tabulated in 
table I together with a single word describing the behavior cf the rudder. 
On figure 1 will be found sketches of scans of the different kinds of 
water rudders that have been used in the past. 


DISCUSSION 


The infonaatlon given in table I has been plotted on figure 2» The 
form, adopted of plotting a mdder "volume” versus the gross wei^t appears 
to serve the purpose of a crude correlation q^uite satisfactorily. Provided 
that the rudder area is at least 


Sj. = 0 , 005 ^ 

it appears that satisfactory directional control will be assured. While 
there are refined methods for designing the rudders of surface vessels , 
it is believed that, for the present at least, the above equation should 
serve as a useful guide to the designers of flying bcjats and seaplanes. 

The location and shape of the water rudder should be chosen so 
that it acts on as much undisturbed water as possible . The case of 
the rudder on the SB2C-2 should be particularly noted. According to 
the chart (fig. 2), this rudder ml^t have been eTpected to be satis- 
factory. It seems possible that the reason the rudder was cmly marginal 
was at least partially due to the rather low aspect ratio compared to 
other rudders. The effective aspect ratio was undoubtedly reduced still 
further by the fact that au low taxylng speeds the entire rudder is 
usually not fully submerged in the conventional float arrangement . itost 
of the rudders ccmsidered in this report have at least part of theix- area 
behind the afterbody sternpost. OidLinarily a good deal of dead water 
is being , dragged along by the hull in this region. The effectiveness 
wf a water rudder forced to operate in this dead water is considerably 
reduced, both because of the reduced relative speed and because the 
entire rudder is not submerged. The location behind the afterbody 
sternpost has usu a lly been chosen for the water rudder to Insure ade- 
quate ground clearance and to prevent damage frnom floating debris. 
Hydrody n a m l oally , a much better location is on the afterbody bottom 
near the sternpost. Some unpublished tests at Stevens Institute of 
Technology on water rudders located on the afterbody bottom have Indi- 
cated that the effective aspect ratio is about twice the geometric 
aspect ratio as far as the rudder "lift” forces are concerned. Thus. 
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if the 37uddar Is located on the afterbody hottom, the area of the 
rudder can probably be somevhat lees than Indicated by the above 
equation, but It is then necessaiy that the rudder be retractable. 
This is not only to prevent damage and provide- ground clearance, 
but also to prevent the rudder from overcontrolling the aircraft 
when traveling at hl^ speeds on the water. A good scheme is to 
make the rudder drag force automatically retract the rudder at~ 
about one-quarter to one-third of the getaway speed. 

A water rudder should not be considered as a means for curing 
or overcoming the type of directional instability described by 
Pierson in reference 3 • Quito large fixed flna usually have little 
or no effect on this type of Instability. Some of the unpublished 
tests on water rudders made at Stevens Institute of Technology in 
the critical speed range have Indicated that a very large rudder 
deflection is required to displace the curve of yawing moments by 
even 2° or 3 ° of yaw. Basically, the purpose of a water rudder is 
to provide maneuvering control at low taxylng speeds and, presumably, 
not much more should be expected of it. 


CONCLIIDIHG PEMAEKB 


A rouged preliminary correlation has been made which will provide 
the designer with means for estimating the size of a water rudder, 
for either small seaplanes or large flying boats, which should provide 
adequate directional control at low taxying speeds . VTater rudders 
appear to' constitute a field in which a little systematic research 
would be quite fruitful. Until that has been done, the present 
information should be usef'ul. 


Bureau of Aeronautics, Navy Department 
Washington, D . C . , November 19^6 
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TABLE I 




WATEH-EODDKR DATA 


Mulufhctarer 

Model 

Type 

Gross wel^t 
(11>) 

Water-rudder 

area 

(ftS) 

Water-rudder 

arm 

(ft) 

Bemarke 

Source 

Tayloroxaft 

Attster 

Twin 

1.800 

0.75 

8.5 

Satisfactory 

MAEE 

Republic 

SeaBee 

Hull 

3,000 

1.^ 

11.5 

Satisfactory 

USE 

Vou^t 

OSSU^l 

Single 

If, 800 

1.6 

12.5 

Satisfactory 

ms 

Edo 

XOSE -1 

Single 

5,900 1 

2.3 

13.0 

Saiisfactory 

USB 

Pklrey 

ni J 

Twin 

6,300 

2,50 

12.0 

Xfosat 1 sf act cay 

' MASS 

Fair«y 

m F 

Twin 

6,300 

4.10 

12.0 

Satisfactory 

' mm 

Vickers 

7 ivld 

Twin 

6,300 

1.4 

12.0 

Satisfactory 

; MAEB 

Pamall 

Pike 

Twin 

6,350 

l.4o 

12.7 

T&sati sfact cry 

9 REE 

Riliey 

S.9/30 

Single 

6,500 

1.00 

15.5 

Satisfactory ] 

MAEE 

GnUEDBLQ 

J 2 P -5 

Single 

6,650 

1.1 

13.9 

Mirglnal 

USH 

Supemarlne 

Walrus 

Hull 

7,260 

1.68 

22.0 

Satisfactory | 

MAEE 

Supezmarliie 

Spitfire] 

Twin 

7,580 

3*92 

12.2 

Satisfactory | 

MAEE 

Curtiss 

SC-1 

Single 

7,600 

2,6 

15.5 

Satisfactory 

USE 

Blacktum 

Elpon 

Twin 

0,000 

2.74 

12.0 

Satisfactory 

MAEE 

Supenasriiie 

Sea attnr 

Hull 

10,200 

1.2 

22,0 

OnBatisf^ctoiy 

MAEE 

Supennarioe 

Sea otter 

Hull 

10,200 

1.7 

22.0 

Satisfactory 

MAEE 

CtirtisB 

SB 2 C -2 

Twin 

18,700 

5.0 

17.5 

Marginal 

USE 

Boelog 

314 

Hull 

80,000 

3.1 

33.9 

Oneatlsfactoiy 

PAA 
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Fig. 1 
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Figure 1 


Fig. 2 
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Figure 2 



